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A^f/nic/— Silicon Carbide (4H-SiC), power UMOSFET's were 
fabricated and characterized from room temperature to 200 °C. 
The devices had a 12-//.m thick lightly doped n-type drift layer, 
and a nominal channel length of 4 //m. When tested under 
Fluorinert"^ at room temperature, blocking voltages ranged 
from 1.0 kV to 1.2 kV. Effective channel mobility ranged from 
1.5 cm* ■ s at room temperature with a gate bias of 32 V (3.5 
MV/cm) up to 7 cm^A^ s at 100 ''C with an applied gate bias of 
26 V (2.9 MV/cm). Specific on-resistance (i?on,Hp) was calculated 
to be as low as 74 mH • cm^ at 100 under the same gate bias. 

I. Introduction 

RECENT SiC power device developments include 4.5 kV 
pn junction diodes, 1.75 kV Schottky diodes, 900 V 
thyristors, 700 V GTO's, and 760 V Double Implanted MOS 
(DIMOS) transistors [1H5]. SiC vertical pov^er MOSFET 
devices are expected to have very low specific on resistance, 
fast switching, and outperform Si IGBTs in the 600-2000 V 
range. The 760 V power DIMOSFET's have a low specific on- 
resistance (i?on,sp = 66 mfl-cm^) at an applied gate bias of 
30 V (-6.25 MV/cm) [51, while other lower voltage (260 V) 
SiC UMOSFET's have reported extremely low on-resistance 
of 18 mn • cm^ [3], [6] at an applied gate bias of 22 V (gate 
oxide thickness unreported). Most SiC MOS devices posses 
low blocking voltages because of high-temperature and high 
electric field stress on the gate oxides. Additional problems 
with the UMOS structure in SiC include poor oxide uniformity, 
higher interface state densities on the sidewall, electric field 
crowding at the trench comers, and Fowler-Nordheim (F-N) 
carrier injection across the gate oxide as a result of lower 
barrier heights for electron injection in the (4H-SiC)-Si02- 
polysilicon system [7], [8]. Despite technical challenges, the 
UMOS structure still offers inherent advantages over the 
DIMOS structure including smaller pitch and lower potential 
-ff^*»,si> due to the absence of the JFET region. Here, we report 
on a SiC UMOSFET capable of blocking up to I.I kV using 
a l2-/im thick drift layer. 

H. Device Structure and Fabrication 

A cross section of the 4H-SiC UMOSFET fabricated is 
shown in Fig. 1(a). A top view photograph ofa 4H-SiC UMOS 
(l3-/im pitch between lingers) is shown in Fig. 1(h). with 
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gate and source/body contacts shown. The device structure 
wa,s grown by vapor phase epitaxy on a heavily doped n-type, 
Si-face, 8° off-axis, 4H-SiC substrate. The 12-/im thick drift 
layer was doped with nitrogen (n-type) at ~1 x 10^^ cm"^ 
as verified from capacitance- voltage measurements. Next, the 
p-type channel layer {Na ~ 7 x 10^^ cm~^) was grown for a 
nominal channel length [L) of 4 /im. A common source and 
body contact was formed by implanting the n*^ source regions 
in channel layer and then implanting a p"^ region between the 
source regions. A common final metal connected source and 
body together, again see Fig. 1 (b), with a top layer of gold used 
to facilitate gold-gold wirebonding; The gate trench and edge 
termination were both accomplished via reactive ion etching in 
CHF3, H2, and O2. A combination of thermal and deposited 
silicon dioxide layers were used to passivate the mesa edge 
termination of the device. Extensive organic and chemical 
cleans [9], [10], as well as UV ozone cleaning to remove 
graphitic carbon from the surface, were performed prior to gate 
oxidation. A sacrificial oxide was grown prior to actual gate 
oxidation to smooth the trench comers (reduce field crowding) 
as well as consume damaged surface layers created by RIE. To 
minimize the difference in oxidation rates between the bottom 
and sides of the trench, the gate oxidation was done by growing 
a thin layer of thermal SiOj at 1 150 ®C in steam, followed by 
a low pressure chemical vapor deposition of Si02 to obtain a 
more uniform 90-nm thick gate oxide. Next, polysilicon gates 
were deposited and patterned to form the gate contact. Boron 
(p-type) doping of the polysilicon was used to diminish F-N 
tunneling through the gate oxide [8]. Nickel ohmic contacts 
were used for the drain and source/body. Interdigitated source 
and gate fingers were of equal lengths (250 |im) and widths 
for devices, although pitch varied from 13 to 38 /xm. Smaller 
pitches of 6 to 10 /tm have been suggested to increase charge 
sharing between neighboring cells [7], but the effects of pitch 
on device properties were not investigated here, but will be 
the subject of more detailed work to be presented later. The 
number of fingers ranged from 10 to 40 for the different 
cells. No edge tcmiination techniques were employed in these 
devices. 



III. E\lMiRlMI:iNTAL RESULTS AND DISCUSSION 

Testing was performed on a high-tcmpcraturc probe sta- 
tion in an air ambient with Fluorinerl'^'^^ Specific contact 
resistivities were measured using TLM strucluius. Analysis 
of the n-lypc ohmic source TLM data revealed specific ohmic 
contact resi.siances of '^-^»-7 x 1(1"*' i\ • cm'-, while p-lype body 
coniacis hail specific ohmic contact resistances of ^2-2{) x 
in--42.cnr. 
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Fig. I. 4H*SiC vertical UMOSFET (a) schematic device cross section and 
(b) top-view of a I3-//m pilch. 40-ringer UMOS cell. Gate and source/body 
fingers .shown with backside drain not .shown. Gate length (I) was fivn 
and trench width {\V) was 20 mm. 



Testing wa.s performed using both a Tektronix 576 curve 
tracer, and computer-controlled Kcithley 237 high-voitage 
source measurement unit.s. Blocking voltages were measured 
from 1.0 to 1,2 kV. Forward l-V characicrisiics of a l.I kV 
SiC UMOS (l3-//.m pitch, 10 lingers) are shown in Fig. 2. 
Maximum V'ds (M kV) was limited by the Keithley 237. 
At 1.1 kV, the peak electric Held al ihc pn junction is 
approximately 1 MV/cm calculated from abrupt one-side pn 
junction theory, and 2-D Pi.sccs .simulations of the device 
.structure indicate that the field is enhanced as high as 1.6 
MV/cm at the boiiom trench corners. While placing other 
trenches in close proximity tends to reduce this lield crowding 
II 1 1, the values ohiiiincd here are comparable to the theoretical 
maximum electric Held in SiC of '^1 MV/cm. especially 
considering that no edge lerminalion was used, and that field 
crowding in ihe CDi uers of the U irench alsi^ [^lays a significant 
role in premature gale oxide breakdown |71. 

Tlie effeciive eleciron channel mobility (//) was low, ccm- 
si.slenl wilh Ihal rcporlcd in oiher S\C ptuvcr MOS devices 
|3|, |6|. Values exiracled from the linear regitni /~\* char- 
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l-ig. 2. RiHim icmpcraiurc / — \ ' characteristics of a l.I kV 4H-SiC UMOS- 
f-irr f l.'^-/nii pilch, 2t) linprs. \V = 111 mmj with 12-/im thick drift layer, 
measured with Muorincrt ' . 




Fig. 3. /-V* characierisiics of a 4H-SiC UMOSFET (16-/<m pitch, 40 
fingers. W = 20 mm. L ;s 4/im. and fox = 90 nm) at 100 **C. First 
trace corresponds to T^is of 6 V, incremented in 2 V steps to a maximum 
\ of 26 V (2.9 MV/cm) with i?,.«.^p of 74 mS> ■ cm-. 




hij:. 4. Translcr clKir.icicrislics of a 4II-Si(* IIMOSI-IT (i(v//!ii pitch. 40 
Itiiucis. W = 2i\ nun) M 2t). KKI. and 2<M) in ilk* linear a*i*ion wilh 
\ j,s » lUO iiiV. <«iu- bias was less lluin 20 V {1.1 MWtin) al all limes. 

acleri.slics of a ivjMcal device ranged fri»in I..S cnrVV'S at 
r(K>m leni|K'raluiv wilh moderale applied gale bias (32 V or 
3..*> MV/ciu) and ineivased lo 7 cm'-VV s at 100 under 26 
V {1}> MV/cin) gate bias, flu* inciea.se in // wilh lemperature 
is aliribiited lo iiicreaseil charge in ihe inversion layer as a 
ivsnll ill* clecliiHi enii.ssiiHi \'\oin ileeper level inlerfaee slates, 
which has Invn ivpt»ileil el.sowheiv | lOf With Wis *>1* 26 V at 



KK) "C, this device had a forward voliagc drop of 8:0 V at a 
currcnl denslly of 108 A/cin'", which is shown in Kig. 3. The 
corresponding was 74 mil vm^ at this f(»rward dmp. 

While heller performance could be obtained by . increasing the 
gate bias to 6-10 MV/cm, these values would exceed the 
practical operating limit of gate bias for Si02 on SiC I7|, 
|8|. Increased /^s at higher temperatures is shown by the 
linear region (Ko.s = J 00 mV) transfer characteristics shown 
in Fig. 4 with gate bias <2.2 MV/cm, which is consistent with 
. the measured increase in /z at higher temperature, and can be 
attributed to the poor oxide-SiC interface. Further study of this 
interface is necessary for improvement of these devices. 

IV. Conclusion 

4H-SiC UMOSFET's have been fabricated and charac- 
terized with measured room-temperature blocking voltages 
ranging from l.O kV to 1.2 kV as a result of proper de- 
vice design and fabrication, including the use of stacked 
grown/deposited gate dielectric, boron-doped polysilicon for 
gate contact, and common source/body contacts used to re- 
duce the finger pitch. Reducing the finger pitch of the cells 
increased the charge sharing between fingers allowing for 
higher breakdown voltage. Increasing channel mobility (from 
1.5 cm^A^ • s at room temperature and 7 cm^A^ • s at 100 ®C) 
by optimizing the SiC-Si02 interface was identified as a key 
task necessary to achieve optimal specific on-resistance. iion,5p 
was 74 mn • cm^ widi an applied gate bias of 2.9 MV/cm at 
100 °C for these devices. 
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